ABSTRACT
INTRODUCTION
Mexico has seven marine ecoregions of the 24 existing ones in the North American Continent. The Pacific Region 17, also called Pacific Mexican Transitional, includes the coastal waters of the Mexican states of Jalisco, Colima, Michoacán, Guerrero, Oaxaca, and the southernmost tip of Baja California Sur. This physiographic region is characterized by narrow continental shelf with width amplitude of 10 -15 km and a slope of less than 1˚30' with a deep oceanic trench, and complex abyssal plains [1] . For the State of Guerrero, the National Commission for the Knowledge and Use of Biodiversity Comision Nacional Para el Uso y Conocimiento de la Biodiversidad (CONABIO) stated that there are four marine priority areas for the conservation of coastal and ocean biodiversity; about these regions, CONABIO has highlighted the lack of knowledge about the diversity of marine species [2] , hence it is necessary to conduct research to gain information on the species diversity and analyze the ecological aspects of populations and communities. This research was carried out on the rocky intertidal zone of the State of Guerrero, Marine Priority Region No. 33 (MPR 33) Copala-Punta Maldonado. Besides the lack of knowledge of its biodiversity, CONABIO also notes that it presents severe garbage pollution problems from sewage and agricultural runoff, and a strong impact from tourist activities in the region, declaring this area as high priority because of its wide variety of habitats and the need to protect their species. Among other organisms found in MPR 33, is the class POLYPLACO-PHORA or Chitons as they are commonly known. These are primitive mollusks with oval shaped shells consisting of eight joined, articulated segments. These segments are surrounded by a sort of wide belt, with a broad muscular foot which emphasizes a small head with the mouth opening toward the front, and at the opposite end of the muscle foot, is the anus; they inhabit rock masses and/or loose rocks, adjusting their anatomy to them [3] . Despite their diversity and abundance, they are usually underestimated in faunal studies, probably due to the fact that they are not considered to be a species of commercial value and the little information we have for this type of organism, probably comes from the cryptic habitats where most species live, and the difficulties it presents in obtaining access to the area in which they are found in greater abundance [4] . There are global reports concerning Class POLYPLACOPHORA on a taxonomic scope and geographical distribution such as [5] [6] [7] [8] for the American Pacific as [9, 10] , as well as those made in the Mexican coast zone as [3, 4, [11] [12] [13] ; other studies also found Chitons' ecological data as [14] [15] [16] . With respect to marine priority coastal regions in the State of Guerrero, [17] reported for Marine Priority Region No. 32. Moreover, most of the reports with information about the class POLYPLACO-PHORA for the State of Guerrero were made on the basis of mollusk communities where Chitons are part of the analyzed classes, among those reports are [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] , which analyzed the rocky intertidal mollusks in some areas of the MPR 32 and 33, providing information on existing POLYPLACOPHORA in these habitats.
This research was conducted in order to deepen the understanding of the class POLYPLACOPHORA on the rocky intertidal MPR 33, the objectives were: 1) to determine species richness, 2) composition of the community based on the most represented families, 3) estimate the density, 4) and diversity index, 5) analyze species length-width structure and 6) the geographic distribution of species.
FIELD METHODOLOGY

Study Area
The Marine Priority Region No. 33 Copala-Punta Maldonado, is set between the states of Guerrero and Oaxaca, with an area of 6352 km 2 , it is located at latitude 16˚32'24'' to 15˚36' and longitude 99˚24'36'' to 98˚12'. The climate is sub-humid, with tropical storms and hurricanes. It belongs to the North American plate, formed by igneous, sedimentary and metamorphic rocks, and has a narrow platform. Current predominant waterfront is North equatorial from Costa Rica and presents high, medium, and low, waves occurring red tide, "El Niño" and turbulence processes, and receives freshwater input from rivers, lakes and estuaries [2] .
Five sites were sampled on the rocky intertidal zone at the MPR 33, each location was geographically referenced and described according to the following criteria: type of substrate, types of rock, substrate stability and wave exposure. The descriptions of the collecting sites were based on [2] and produced by the National Institute of Statistics, Geography and Informatics (INEGI Instituto Nacional de Geografia, Estadistica e Informatica) and were complemented with field observations (Table 1) . These sites vary in type, substrate stability and wave exposure. Substrate types were classified as: 1) Massif rocks: fixed structures such as walls, cliffs, terraces, etc., 2) Blocks: loose rock larger than 50 cm in diameter, made of rocks submerged and immovable or that are difficult to move about by the impact of waves, 3) Boulders: loose rock of size less than 50 and greater than 8 cm in diameter, rocks that can be easily moved by the impact of waves., 4) Gravel: loose rock no more than 8 cm in diameter. The stability of the substrate was classified as: 1) High: when the substrate remains virtually unchanged by the impact of waves, 2) Middle: when the impact of the waves does not change the configuration of the substrate but there is rock movement, 3) Low: when the site configuration changes by the impact of waves, most of the rocks are moved. The wave exposure was classified as: 1) High: when the wave hits the substrate in a free manner, usually the sites that have this type of waves are outside from the protection of barriers such as bays or hooks, 2) Middle: when the impact of the wave on the substrate is hindered by barriers or smoothing, as can occur at sites that are in front of the entrance of bays or at a distance from a wall of hooks, it also happens in places where subtidal rocky substrate merges or is shallow and reduces the direct impact of the waves to the substrate, 3) Low: when the wave does not directly hit the substrate, since the sites are protected by different types of barriers.
Fieldwork
Three samples were conducted per site between 2009
Copyright © 2014 SciRes.
OPEN ACCESS To carry on the quantification of organisms an area of 10 m 2 was sampled per site. Sampling was systematic. The starting point was randomly selected and then a nylon rope 30 m long was placed parallel to the shore on the intertidal zone using a PVC pipe square frame 1 m per side to delimit the sampling unit. Once the starting point was established, the PVC frame was placed at the selected point. All POLYPLACOPHORA specimens found alive, even those attached under rocks within the sampling unit, were collected and placed into a plastic container filled with seawater and protected from direct sunlight. After completing the collection, a 2 m intersection along the rope was measured then the frame was again replaced the frame again to define the following sampling unit. This procedure was repeated ten times along the nylon rope. Upon sample completion, specimens' preservation consisted of placing living ones between two pieces of wood, one on the ventral side and the other on the back, fastening with rubber bands to exert slight pressure and preventing them from bending. The specimens between the pieces of fixed wood were placed in labeled jars containing 96% ethyl alcohol. They were then taken to the laboratory to be identified, quantified and measured. The sites are protected by different types of barriers.
Laboratory Work and Data Analysis
Species identification was done using specialized literature such as [5] [6] [7] [8] 30] . The systematic classification was based on POLYPLACOPHORA by [31] . The specimens collected and identified were counted, the length and width in millimeters (mm) was measured.
Richness was based on the number of species found in the samples. The community composition was analyzed using the representation of families, which was evaluated based on species richness and abundance of organisms per family and expressed as percentage. Density was measured by estimating the average amount of specimens/m 2 . The analysis of structure of POLYPLACOPHORA populations was considered by measuring the length and width, and obtained the statistical descriptive values such as maximum, minimum, mean and standard deviation expressed in millimeters was obtained using a digital Vernier type caliper (accuracy 0.01 mm). The diversity was measured using the Shannon-Wiener (H') index and the evenness index of Pielou (J') or equity.
To analyze the distribution of Polyplacophora species in the MPR 33 the percentage of sites at which the species was present (frequency of occurrence) was used as a criterion and classified as follows: 1) broad distribution: when the species appeared in at least 80% of the sites, 2) regular distribution: when the species was collected in 60% of the sites; 3) limited distribution: when the species is found in 40% of sites, and 4) irregular distribution: when the species was found in 20% of the sites or less.
RESULTS
441 specimens for the class POLYPLACOPHORA from the MPR 33 were analyzed; we identified 17 species for nine genera and six families. Fifteen species were found as new record (Figure 1) . The best represented families in terms of species richness were ISCHNO-CHITONIDAE with three genera and five species, followed by TONICELLIDAE Simroth, 1894 one genus and five species. CHITONIDAE was the better represented family in abundance by 45.80% of the total specimens analyzed and the less abundant ACANTHOCHITONI-DAE Pilsbry, 1893 with 0.22% ( Table 2) .
A density of 8.82 specimens/m 2 was found. Chiton (Chiton) articulatus, showed the highest density, followed by Lepidochitona sp. 2. Punta Maldonado was the site that had the highest density, which was 22 specimens/m 2 and the lowest density was found in Playa Ventura being 1.3 specimens/m 2 ( Table 3 ). The value of Shannon-Wiener diversity index (H') calculated for Marine Priority Region No. 33 was 2.38 bits/individual, while the value of equity index and Pielou evenness (J') was 0.57. The site that showed the highest indexes values was Playa Ventura, which were H' = 1.83 bits/individuals and J' = 0.79; while Peñitas showed the lowest values of H' and J' = 0.66 (Table 3) .
On body size proportions, Chiton. (C) articulatus showed the greatest length, 45.75 mm (minimum = 7.88 Table 4) .
Regarding the geographical distribution in MPR 33, Chiton (C.) articulatus was located in the five collection sites while Stenoplax (Stenoplax) limaciformis (Sowerby, 1832) was found in four of the five sites, these species were reported as widely distributed, plus two species found with regular distribution, nine irregular and four had limited distribution ( Table 5 and Figure 2 ).
DISCUSSION AND CONCLUSION
Species Richness
Species richness reports made by [3, 4, [9] [10] [11] [12] [13] [18, 20, [23] [24] [25] 27, 28] , their numbers of POLYPLACOPHORA species was less than what is reported for this study. However, [17] in a paper which discusses only the class POLYPLACO-PHORA in MPR 32 reported 20 species of Chitons, three more than in this report. The species that were not found in the MPR 33 were: Callistochiton elenensis, Chaetopleura (C.) unilineata and Lepidochitona (D.) flectens. The absence of these species might because the substrate, in the MPR 33 is less varied in structure, wave exposure and stability. In this regard, [33] noted that beaches composed of large boulders are physically more stable than beaches composed of small or loose rocks, so it points to a direct correlation of this type of beaches between habitat stability and species richness. [34] on Costa Rica, found that their site substrate consisted of small rounded smooth stones, might have caused a wealth of [32] species against [25] with firm substrate at a cliff type site; and [26] , observed that the highest species richness of intertidal mollusks in the State of Guerrero, was associated with habitat stability and wave intensity at each site, so that more unstable sites, which are those whose substrate consists of boulders and a lower wave intensity, showed greater species richness than stable sites in the substrate formed by large blocks with few cracks and crevices and high wave intensity. [22, 26] reported Chiton (C.) articulatus and Chiton (C.) albolineatus as fauna of Chitons on three sites of MPR 33. This research found that [15] species had not been recorded for this region. The difference between the number of species reported earlier for this region and those found in this research, could be due to the methodology for collecting, since this was designed specifically for PO-LYPLACOPHORA collection and the sampling units were carefully managed and reviewed, and the amount of sampled sites was higher and representative of different types of rock substrates on the MPR 33. Table 6 presents the species list of new records for the rocky intertidal Marine Priority Region No. 33. One of the reasons to have a complete knowledge of the distribution is that it allows the precise determination of suitable habitat for each of the species. Knowing the habitat requirements for a species and the availability of these types of habitats in a region, we may assume the population status of the species in the spatial and temporal context [36] . It is consistent with [35] on that if we know the habitat requirements of the species distribution, facilitates the identification of priority areas for conservation. Moreover, the inventory can provide further arguments to justify the conservation of important areas.
Community Composition
Based on the representation of families as reported by [18] [19] [20] [21] has identified CHITONIDAE as the family best represented in number of species and abundance. Regarding species richness [24, 27] reported ISCHNO 
Acanthochitona arragonites X Irregular 1 = Playa Ventura, 2 = Casa de Piedra, 3 = Las Salinas, 4 = Peñitas, 5 = Punta Maldonado.
CHITONIDAE as the best represented family while [17, 25] reported the family TONICELLIDAE as the bester presented species. The present investigation reports to ISCHNOCHITONIDAE in species richness and abundance, CHITONIDAE as the most representative for Marine Priority Region. 
Density
References [18, 20, 21] reported Chiton (C.) articulatus as the most abundant species. [27, 28] reported Chiton (C.) albolineatus with higher density. [17, [23] [24] [25] reported Ischnochiton (I.) muscarius, Callistoplax retusa, Chaetopleura (C.) lurida, Chiton (C.) albolineatus and Chiton (C.) articulatus as those with highest density.
This work coincides with the aforementioned authors, that Chiton (C.) articulatus, Ischnochiton (I.) muscarius and Chiton (C.) albolineatus are those with highest population density and therefore were considered to be the POLYPLACOPHORA species representing intertidal rocky substrate at MPR 33.
Body Measurements
There was greater information available on the size structure of Chiton (C.) articulatus than any other species, since it is commercially important as mentioned by [14, 22] ; as is Chiton (C.) albolineatus in Mazatlan and the southwestern region on the Gulf of California stated by [16] . Regarding size structure for other species [15] reported that found no biometric information was found other than for Chiton (C.) articulatus, except for some data on size and referred to as total length. Few reports were found in the community about size structure. Reference [23, 25] reported Chiton (C.) articulatus and Tonicia (T.) forbesii forbesii as the species with larger size. This study is consistent with earlier reports on the above mentioned parameters. These relationships allow biometric estimation for any individual for its condition factor and growth rate, and to estimate different coefficients which can then be compared with other's measurements in further analysis.
Diversity Index
Reference [23, 24] reported high diversity indices for Acapulco high diversity indices similar to those estimated in the present study. The diversity index and the equality' that is reported in this paper indicate that the MPR 33 is a highly diverse area, finding species richness and abundance as expected for a tropical area.
Geography Distribution
Reference [4] reported 23 species of POLYPLACO-PHORA distributed in the Tropical Pacific coasts, from the species they reported: Ischnochiton (I.) muscarius, Stenoplax (S.) limaciformis, Callistoplax retusa, Chaetopleura (C.) lurida, Chaetopleura (C.) hanselmani, Chiton (C.) articulatus, Chiton (C.) albolineatus, Tonicia (T.) forbesii forbesii and Lepidochitona (L.) beanii were found in the MPR 33.
Reference [11] in a study of Chitons in Mexican waters updated the species distribution including species endemic to the Eastern Pacific, with a total of 57 species of which: Ischnochiton (I.) muscarius, Stenoplax (S.) butterfly, Stenoplax (S.) limaciformis, Lepidozona (L.) serrata, Callistoplax retusa, Chiton (C.) articulatus, Chiton (C.) albolineatus and Acanthochitona arragonites are reported for here for the MPR 33.
Reference [17] for the MPR No. 32 reported Ischnochiton (I.) muscarius, Chiton (C.) albolineatus and Chiton (C.) articulatus as widespread species. [26] reported the Chiton (C.) articulatus as widely distributed on the coast of the State of Guerrero since he found them in nine beaches in the three coastal regions. Our work also found Chiton (C.) articulatus and Stenoplax (S.) limaciformis to be widespread species. Therefore both species are considered representative of the rocky intertidal MPR 33.
Reference [17] reported four species with irregular distribution. In the present investigation nine species were identified with this type of distribution coinciding with the aforementioned report in: Stenoplax (S.) mariposa, Callistoplax retusa and Lepidochitona (L.) hartwegii The differences in the geographical distribution of species by comparing the MPR 32 and 33 could be due mainly to less variety in structure of the substrate, wave exposure and stability for rocky intertidal sites sampled in MPR 33.
